A series of phage T1 DNA clones containing Sau3A fragments of 1 kb or more were tested for their ability to rescue the defects of amber mutations representing all known T1 genes. Rescue was detected by either complementation or recombination. These data have extended the correlation of the T1 genetic and physical maps and provided more conclusive proof that the large map distances at the left end of the genetic map reflect both increased physical separation of the known genetic markers and enhanced recombination and that the right and left chromosomal ends are recombinogenic to the same extent.
T1 is a virulent phage of Escherichia coli and encodes about 26 known genes, 24 of which are essential for phage reproduction (Ritchie et al., 1983) . T1 virion DNA, of mol. wt. 31 x 106, comprises three permutations of nucleotide sequence each terminally redundant to an extent of about 6.5~ (Gill & MacHattie, 1976) . Our ultimate intentions in cloning T1 are: (i) to understand the organization and mode of expression of T1 genes; (ii) to characterize T1 genes according to function and (iii) to use cloned DNA fragments from around the pac site to investigate the role of specific sequences in T1 DNA packaging (Liebeschuetz & Ritchie, 1986) .
We have previously shown (Liebeschuetz & Ritchie, 1985) that only eight of the 18 T1 BgllI fragments could be cloned into the plasmid vector pLV59, and we concluded that the failure to clone some BgllI fragments was a result of their encoding genes which through their expression on a recombinant plasmid would be lethal to the host cell. This is a common problem in phage cloning studies. As Sau3A generates the same cohesive ends as BgllI but from a 4 bp recognition sequence, it was thought that the greater frequency of sites for this enzyme might lead to cleavage of lethal genes or separation of such genes from their natural promoters, and that a Sau3A digest might thereby be used to derive clones containing T 1 sequences not represented in the collection of BgllI clones. Only two of a large collection of T 1 Sau3A clones were described in Liebeschuetz & Ritchie (1985) , and in this paper we report the characterization of additional clones with respect to the genes encoded by them and their physical map locations. Except for pPACT I, all clones not mentioned in Liebeschuetz & Ritchie (1985) were isolated from a ligation of a T1 partial Sau3A digest with Bg/II-digested pLV59 (O'Connor & Humphries, 1982) . pPACT1 was derived from a BglII-EcoRI fragment from within the T1 BgllI C fragment as described in Liebeschuetz & Ritchie (1986) . DNA was isolated from clones and analysed uncut by agarose gel electrophoresis in comparison with appropriate mol. wt. standards (not shown). Plasmids containing inserts of length about 1 kb or greater were tested for their ability to rescue the defects of T1 mutant infections by means of a spot test (Liebeschuetz & Ritchie, 1985) (Table 1 ). This is a crude, non-quantitative test which permits rapid screening of several clones with a large collection of amber (am) mutants, but which can fail to detect weak rescue by low-level recombination.
Selected combinations of clones and am mutants were quantitatively tested for rescue by means of the e.o.p, test. This measures the e.o.p, of the mutants on a sup ° strain (W3310) containing the cloned fragment, relative to the sup + strain (KH802). The data obtained are presented in Table 2 . In general, an e.o.p, close to 1 (strong rescue) was indicative of rescue by 0000-7553 © 1987 SGM (8) 1.1 9 x 10 -6 222 (8) 1-2 3 x 10 -6 233 (8) 1.2 3 x 10 -6 13 (9) 0.8 3 x 10 -6 232 (9) 1.5 6 x 10 -4 35 (7) 0-9 1 x 10 -5 32 (8) 0.9 9 x 10 -6 222 (8) Plasmids shown to rescue the defects of at least one T1 am mutant were mapped for BglI and BgPiI cleavage sites. On the assumption that the order of genes on the physical map is the same as that of the genetic map, it was possible to correlate these sites with those present on the T1 physical map and thereby to assign most of the recombinant plasmids to specific locations on the T1 physical map (Fig. 1) .
The results presented in this paper extend the correlation of genetic and physical maps described by Liebeschuetz & Ritchie (1985) , and allow two further comments. In Liebeschuetz & Ritchie (1985) , we concluded (i) that the large map distances at the left of the T1 genetic map (Fig. 1) reflect both increased physical separations of identified genetic markers and enhanced recombination at the chromosome left end, and (ii) that the right and left TI chromosomal ends are recombinogenic to the same extent. These conclusions were in part dependent on approximate assignments of the physical locations of the terminal genes (gl and g 18) based on indirect evidence. The locations of gene I and the adjacent gene 2 were mapped by MacHattie & Gill (1977) with respect to non-homology loops in heteroduplex preparations of DNA from T1 and the related phage D20. By this method aml6 (gl) was located within the terminally repeated region close to the left of the pac site (the right half of Bg/IIC); and am26 (g2), which is immediately to the right of this and beyond the terminally repeated zone, was located to BgllIF or the left half of BgllIH. The earlier location of gene 18 comes from the unpublished data of P. Ooi & J. R. Christensen based on the Northern blotting of intracellular T1 RNA to a genomic digest of TI DNA. Their results show that g18 is in the terminally repeated region and when correlated with the data of MacHattie & Gill (1977) this indicated a location to the left of the pac site and at the right end of Bg/IIE2. The precise assignments apparent from the present data, which show that gene 1 is contained within pPACT1 and that gene 18 is partly located within pJL13, are in excellent agreement with the previous assignments. Thus our previous conclusions are substantiated.
Although the use of a partial Sau3A digest was to some extent successful in providing a more general strategy for cloning parts of the T1 genome not represented in the collection of BgllI clones, it can be seen that the locations of the Sau3A clones which have been assigned to the physical map are non-random (Fig. 1) . The non-random distribution can be related to the screening procedure adopted. Only Sau3A clones which both contained a T1 insert of 1 kb or greater and rescued at least one known T1 gene have been assigned to the physical map. The distribution of Sau3A clones shown in Fig. 1 therefore reflects firstly the fact that the distribution of known T1 genes with respect to the physical map is highly asymmetric, and secondly that the distribution of T1 fragments of mol. wt. 106 or greater which would give rise to viable recombinants, is also likely to be non-random. Early functions, associated with inhibition of host cell metabolism, which are encoded by genes at the left end of the genome, would be expected to be more deleterious to the host cell than head or tail proteins which are encoded by genes towards the right end. If the screening criteria were relaxed, and all Sau3A clones characterized, it is probable that a more random distribution of Sau3A clones would be obtained. Some of these might encode hitherto unidentified T1 genes. However, it is likely that most clones thereby obtained would contain subgene length inserts, and would therefore be of little use in future experiments.
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